
University or' Pittsburgh School of ikdiciae 

enwged i n  t'ne developraent oI" 11sw approaches t o  our microspectropho- 

tone t r i c  instrumentation, 

Deters, 14-1, 14-2, and 14-3 are =?a? i n  various use znd stages of devel- 

opzient i n  obtaining spectra 02 l i v ing  ce l l s ,  Absorption spectra data 

have been obtained f o r  chlorophyll and i t s  synthesis i n  the chloro- 

p las t s  of plan% cel ls ,  f o r  tile V i W n  4- ztl&ehy&es (retinene) i n  the  

retiral rods of the  frog eye, f o r  the  screening pigmnts  (armnochromes) 

of irsec'; eyes, and fo r  the hemoglobins of red blood cells.  

' reports of OUT progress a re  noted i n  the minth Annual Report of tine 

Biophysical Besearch Laborztor~, 1963, sent  t o  you on June 3, 1963. 

T'nree laboratory type microspectrophoto- 

Previous 
1 

A sumary of this reserrch -has recently been published in Applied 

Optics, 5 899, 1963 (25 co;ies of vhich are subxitted with t h i s  report) ,  

-4 pi-ase of tbAs research, ""e Spectroscosy of Single Cells and Their 

. Qr~arieIles by ~Jlicrospectrop:=ota~&try, " -JZS presented a t  the  T h i r d  h- 

n.aL :,:eeting of the  Society -- of Cell Biology'' an& the abstract has been 

published in J. - - - O f  C e l l  Biol 19, 75A, i ~ ~ 3 ,  

Advances i n  design of o i ~ "  recording zicrospectrophotameter M-3 

have been made (see Fig. 1). 

n& a d  the specimen signal of the photocell (cds) c rys t a l  was replaced 

by a f ront  surface mirror t o  e l m n a t e  t i e  wavelength dependency of the 

f o c - ~ h g ,  

TLe lens $;&at focused the reference sig- 

The l ight  chopper moim*t&d between the monochromator and the 

. I  * 
4 ,  



5 3  aim is  t o  have a very E e x i t i v e ,  rapid scan of small  areas within 

a l iv ing  cell, Tiiis neans -;--at t k  sigml. is  often of the same order 

of mgnitude as the noise. 

is not f i l t e r e d  out, the r e s d t  is non-linearity, dependeat on the sig- 

llai t o  xoise ra t io ,  

t e r i z l t y  of the l i g h t  .?.nd t k e  irzvelen@h, as the sens i t i v i ty  of the 

photocell is  wavelength aepx12e;lz. 

s t a r t  sf tne monitoring pno'coceli, t c e  e l e c t r i c a l  chopping has t o  be 

accw-te an& constant. 

I_" no filtering is applied and the  noise 

Tie cali-oration i s  therefore dependent on t h e  irz- 

-41~0, because c2 ine  long time con- 

E f i l t e r i n g  is  applioz f;i t h e  i q u t  s&age, t i e  noise will be re-  

duced, and tne  e l e c t r i c a l  c'nog,?ir-s l e  not  c r i t i c a l ,  

t k e  constant of the photocell, the cho2ping was reduced t o  40 C/S. 

Trie 

tl;e rer'erence signal (r) a-12 t i e  speciaen signal (s). 

&cause of the long 

c/s content of tne s i g z l  is proportional t o  the sum (r + s)  of 

The 30 c/s con- 

&-," ~ C ~ L %  is proportional t o  t n e  i i f ference (r - s), A l i n e a r  coaibination 

This signal and 

A 

& - e s  a si& proport ioml t o  the reTerence signal, 

t a e  ( r  - s )  signal a r e  fed i&o a r a t i o  recorder giving (1 - s/r)- 

dfsadrnntage of this systen is that tne same amplifiers a r e  not *Bed 

f o r  botjt.1 signals, I?on-linearity o r  change i n  amplification cf one of 

t i c ,  L.qdifiers results, theref ore, i n  artefacts,  but tnese disadvantages 

are not serious, 

To improve the  specimen LWdling, the blocking pla te  i n  the  image 



3 k x  vas replaced by a C0i:c;L-v-e x i r ro r .  

$he zirrror i s  observed via ano-lhcr -*mor md a telescope. 

lllirror images the eyepiece ic 

Xo zberrations are introduce:', -2;: it. 

m d  observation during a spec t rc l  scan are  now possible. 

The h a g e  on tile surface of 

The concave 

e telescope and acts as a "field lens," 

Accurate handling of the  s p e c a n  

Tne specimen has t o  be focused on the concave mirror which contains 

foL- holes, 

siivered, 

larcer holes (a d ime te r )  or t h e  %wo s m l l e r  holes (1 mm diameter) are 

t o  -iie L h e d  up with the  instrment .  

2aa;;zd i n  tkte telescope, resulkin;: i n  a large f i e l d  of view. 

2 2  t m  x i r r o r  a r e  s l i g h t l y  tsgered. 

C d i l g  through these holes an6 from the  specimen imaged on the  holes is 

t ier ,  detexmined. 

l a t i o m  per sec.) was incorporated. 

separazed by a closed s e p e n t  of 45' an6 a closed segnent of 235 0 

Tne n i r r o r  h a s  8 radius 02 curvature of 270 mm and is front-  

It is  t o  be positioned 250 mm above the eyepiece and the  two 

In this m y  the eyepiece is j u s t  

Tne noies 

The r a t i o  of the aznounts of l i g h t  

To do this, a l igh t  chopper, a ro ta t ing  disk (10 rev+ 

rt has two open segnents of 45' 

In 

t h i s  my, 4 0  flashes per secoad m y  f a l l  upon the photocell, Le., two 

f lashes  F;.m one hole followed by  two f lashes  originating from t he  other 

hole . 
The use of the  instrumeat i n  i t s  present s t a t e  i s  limited by the 

i&otocell (CdS) properties. 

t e r r s t i c s ;  for instance, the  sens i t iv i ty  may d i f f e r  frcoll one photocell  

Different photocells have d i f fe ren t  charac- 

- LO ezother, and changes w i t h  t i a e .  Tie sens i t i v i ty  drops about 20 times 

A- 

e-nced 33- the  use of a t'angstea l i gh t  source w-hich has a drop of about 

5 t i n e s  over t h a t  range. 

730 t o  400 mp, and the $ b e  co-rlstant increases. These e f f ec t s  are 

As a resLilt ve a re  nov investigating various 
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4 . .  
: 

- - ~ 4 b d ~ A . ~ : ~ p l i e r  ,+---., tubes, new ii:-c-t s o x c e s ,  a6 %he use of an autoL3at,‘_c 

- zi-2 control, 

Y-ie 4-0 c i s  content of t!ie piiotoceu s i p 1  ana t he  30 c/s content 

1. ,o~e-.;::er submit sufficient infornation f o r  c c q u t a t l o a  of the absorption 

n % i o ,  

p1ifica”cion (ah) and f i l t e r i n g  (fo = 34.6 c/s, 6%) * 

twied to b c/s, tne other t o  30 c/s, both having a Q value of 40 and a 

gair of 80. 

snoo%hed (T = 4 sec), 

duced v i t h  help of 8 potentioneter. 

h e  s-m si,& is  equal t o  t a e  reTerence signal and is independent of 

the a o m t  of l ight  passing the speciraen hole. 

sigzl i s  proportional t o  tae difference between reference and specimen 

sri,W, 

together with the reference siuml, i ~ t o  a Varian recorder via a spzn 

pteni ; ioneter  . 

Therefore, the  signal i s  fe6 i n t o  two f i l t e r s  a f t e r  in i t ia l  an- 

h e  of them is 

The output si@s of t he  f i l t e r s  are rectified, added, and 

Tke si,- fed i n t o  the k, c/s f i l t e r  can be re- 

This p&estime-ter is  s e t  so  that 

The output of the  30 c/s 

’Ais si@ is also rec tEieE am3 smoothed fT = 4 sec), and fed, 

I - 
Tile recorder i s  used as z rat20 recozder, p lo t t ing  (1 - Io ), one 

Tne perfonnance is a n u s  the  r a t i o  of specinen alzd reference sigmls, 

de te rzhed  by the  sample size, rmvelengih select ivi ty ,  and scan velocity. 

Tke spec t ra l  range frm 403 to 550 zqi is  easily and accurately obtained 

f o r  a sample of 4 p dimeter ,  8 rraveiengtn half-band width of 5 mp with 

a scanning speed of 1.3 mp/sec. 

A nore caaplete report  of the i r s t rmen% 31-3, i ts  electronic  design, 

capabilities, and perfornance xill be summarized in a later report, 
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